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Erosion control
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Erosion test
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Plot of test data
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Impact fatigue properties

o 100 AN =

80 = ~
60 =
40
20

---2.5mm

Local rotor spee

¢ RET results

1,E+00 1,E+02 1,E+04 1,E+06

Accumulated rain to removed coating [mm]

5 21 February 2018



PERCENT OF TIME RATE 1S EXCEEDED

Rainfall rate frequency
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6. 5. Average rainfall rate-frequency relationships for four
rain climates.
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Rain intensity on 1 min and 60 min
resolution
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Droplet size distribution

probability density of raindrop size, f h(d)
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Life time prediction

Leading edge impact fatigue
performance

Operation and loads

Damage accumulation law
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Erosion life without control strategy: 1.6 year

Rain Droplet Percentof Hourspr  Blade tip Hours to Fraction of life
intensity size time year speed failure spent pr year
[mm/hr] [mm] [%0] [hrs/year] [m/s] [hrs] [%0]

20 2.5 0.02 1.8 90 3.5 51
10 2.0 0.1 8.8 90 79 11
5 1.5 1 88 90 3606 2.4
1.0 3 263 90 745710 0.0
0.5 5 438 90 2830197826 0.0
Sum of fractions [%]: 64

Expected life [years]: 1.6
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Erosion life without control strategy: 54 years

i

Rain Droplet Percentof Hourspr  Blade tip Hours to Fraction of life
intensity size time year speed failure spent pr year
[mm/hr] [mm] [%0] [hrs/year] [m/s] [hrs] [%0]

20 2.5 0.02 1.8 60 222 0.8
10 2.0 0.1 8.8 70 1036 0.8
1.5 1 88 70 47514 0.2

1.0 3 263 90 745710 0.0

0.5 5 438 90 2830197826 0.0

Sum of fractions [%]: 1.9

Expected life [years]:

54
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Degradation of blade performance due to
erosion
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HE

Power curves for different levels of erosion
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Power curves for different max tip speeds
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Reduced AEP due to erosion
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Loss of income for different control
strategies
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Summary

e Erosion due to extreme precipitation events of short

duration

e Erosion can be eliminated by tip speed reduction a few

hours pr year
e It's economically feasible

e Based on many assumptions. More knowledge and data
needed: IFD EROSION

e Manuscript “WES-2017-62" in review at wind-energy-

science.net
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